Case reports have highlighted angiogenic polypoid proliferation in the mucosa adjacent to ileal carcinoid tumors, describing them as granulation tissue polyposis and florid angiogenesis. Some authors have proposed that the ileal carcinoid tumors themselves produce growth factors that cause the change. The purpose of this study was to determine the frequency of angiogenic polypoid proliferation in a large cohort of resected ileal carcinoid tumors compared with control groups.
We previously reported a florid case of angiomatous polyposis (1) associated with an ileal carcinoid tumor adding to only three other previously reported cases (2, 3) . Angiomatous polyposis is a unique or underrecognized mucosal abnormality that has been reported under various descriptors including granulation tissue polyposis, florid angiogenesis, and angiogenic polypoid proliferation (APP). Grossly, APP presents as an exuberant mucosal polyposis that can simulate cobblestoning. Microscopically, the polyps show varying degrees of club-shaped villi and intramucosal capillary proliferation, ectasia and smooth muscle overgrowth.
In the reported cases to date, the capillary proliferation has been so marked that various authors have proposed that the ileal carcinoid tumors themselves were producing angiogenic factors.
The purpose of our study was to determine the frequency of APP in a large cohort of resected ileal carcinoid tumors, compared with that in control groups of resected noncarcinoid small bowel tumors and normal controls.
MATERIALS AND METHODS
A search of the Cleveland Clinic and Summa Health System pathology files (1985 to 1999) yielded 65 resected ileal carcinoid tumors. Formalin and Hollande's-fixed, paraffin-embedded tissues were routinely processed for light microscopy, sectioned at 5 m, and stained by hematoxylin and eosin. In the majority of the cases, the light-microscopic diagnosis of carcinoid tumor was verified with immunostaining for neuron-specific enolase, chromogranin and synaptophysin using the streptavidinbiotin-peroxidase method.
All histologic slides on each case were reviewed (range of slides, 5 to 17; mean number of slides, 6). Pertinent clinical data were retrieved from the medical records.
The mucosa adjacent to the ileal carcinoid tumors was evaluated for the presence of abnormalities including mucosal edema, capillary ectasia (defined as a mucosal capillary lumen with a diameter greater than half of a crypt diameter), muscularis mucosae hypertrophy, smooth muscle proliferation within the lamina propria and angiogenic polypoid proliferation (club-shaped villi with intramucosal capillary proliferation). Intramucosal capillary proliferation was defined as cellular, "glomeruloid" tuft-like structures composed of capillaries. The histologic changes were documented by two independent observers (NAA and REP).
The mucosal abnormalities were graded semiquantitatively from 0 to 4ϩ, based on the following guidelines: 0 absent; 1ϩ mucosal changes observed focally and only at high magnification (400x); 2ϩ mucosal changes observed focally and noticeable at medium magnification (200X); 3ϩ mucosal changes noticeable immediately at low magnification (40x) with individual foci occupying Ͻ5 mm in diameter; and 4ϩ mucosal changes noticeable immediately at low magnification found in multiple sections with foci of Ͼ5 mm in diameter.
A cohort of 22 resected noncarcinoid neoplasms of the small bowel was selected as a control group. The fixation and sectioning of the tumors and adjacent mucosa was similar to that described for the carcinoid tumors. The histological diagnoses were reconfirmed, and the ileal mucosa adjacent to these noncarcinoid neoplasms was examined for the mucosal abnormalities cited above and specifically for the features of angiomatous polyposis and similarly graded.
Similar histological evaluation of 20 ileal resection margins from colonic carcinoma cases served as normal controls.
The results of the histological evaluation were expressed in percentages of the total number of cases. To determine whether the mucosal abnormalities were statistically significant between the ileal carcinoid tumor group and the noncarcinoid neoplasms control group, a Fisher's Exact Test was applied. A statistically significant result was defined as a P value of Ͻ0.05. A Spearman's rank correlation coefficient was used to assess the strength of the relationship between APP and prolapse changes for each of the three groups.
RESULTS
The mean age of presentation for the ileal carcinoid tumor group was 70 years (range, 40 to 81) with a F:M ratio of 2:1. In the noncarcinoid neoplasm group, the mean age of presentation was 64 years (range, 23 to 82) with a F:M ratio of 1.2:1. The mean tumor size in the ileal carcinoid tumors group was 2.4 cm, with 11 of the cases presenting as multiple nodules. In the noncarcinoid neoplasm group, the mean tumor size was 2.0 cm. The carcinoids were all typical midgut insular type tumors with finely stippled chromatin of the nuclei and rare mitoses and no necrosis. The noncarcinoid tumor group comprised 12 metastatic carcinomas (of which 4 were metastatic ovarian carcinomas and 1 was a breast carcinoma), 2 gastrointestinal stromal tumors, 2 primary adenocarcinomas of small bowel, 2 lymphomas, 1 mesothelioma, 1 lipoma, and 2 leiomyosarcomas. In four of the cases, from the carcinoid tumor group, various submucosal tumors of the small bowel were grossly identified, and the adjacent and overlying mucosa showed a profusion of sessile polyps. (Figs. 1 and 2.)
Both observers agreed on the grade of mucosal changes in 85% of the observations. Discrepancies were usually of one grade only and were resolved in consultation using a teaching microscope. The final consensus grades were used for comparison.
Resected Ileal Carcinoid Tumors
The mucosa adjacent to 54 (83%) ileal carcinoid tumors showed some degree of histologic abnormality including mucosal edema, capillary ectasia, muscularis mucosae hypertrophy, proliferation of club-shaped villi with prominent intramucosal capillary proliferation. Forty ileal carcinoid tumors (61%) showed some degree of mucosal angiogenic polypoid proliferation (Ն2ϩ), with 17 (26%) graded as 3ϩ or 4ϩ (Figs. 3 and 4) . Thirty-two ileal carci-noid neoplasms (49%) showed intramucosal capillary proliferation, with 12 (18%) graded as 3ϩ/4ϩ. APP was associated with hypertrophy of the muscularis mucosae, lamina proprial fibrosis/smooth muscle proliferation and capillary ectasia similar to that described with gastrointestinal mucosal trauma/prolapse syndromes in 83% of the cases. The trauma prolapse change was identified in 45 (69%) of the carcinoid tumor cases and was graded 3ϩ or 4ϩ in 23 (35%) of the cases. A level of correlation (Spearman's r ϭ .423) was found between APP and the mucosal trauma/prolapse changes that was highly significant (P Ͻ .001).
Resected Noncarcinoid Neoplasms Control Group
Sixteen (72%) of the noncarcinoid neoplasms showed some degree of angiomatous polyposis with 5 (23%) graded as 3ϩ or 4ϩ (Figs. 5 and 6). Twelve noncarcinoid neoplasms (55%) showed intramucosal capillary proliferation (Ն2ϩ), with 3 (14%) graded as 3ϩ/4ϩ. Angiomatous polyposis was associated with hypertrophy of the muscularis mucosae, lamina proprial fibrosis/smooth muscle proliferation and capillary ectasia similar to that described with gastrointestinal mucosal trauma/ prolapse syndromes in 100% of the cases. The trauma prolapse change was identified in 17 (77%) of the cases and was graded 3ϩ or 4ϩ in 7 (32%) of the cases. A greater degree of correlation was found between APP and the mucosal trauma/prolapse changes in the noncarcinoid group (Spearman's rank correlation r ϭ .645) than in the carcinoid group. This correlation was highly significant (P ϭ .001).
Normal Ileal Mucosa Controls
Three normal resected ileal mucosa controls (15%) showed some degree of mucosal angiogenic polypoid proliferation. Similarly, three (15%) of the cases showed intramucosal capillary proliferation with none graded as 3ϩ/4ϩ. The trauma prolapse change was identified in 2 (10%) of the cases. Minor trauma prolapse changes (1ϩ) were identified in 8 (40%) of the cases. The association between the APP and the mucosal trauma/prolapse changes was the strongest for the control group (Spearman's r ϭ .745), and this result was highly significant (P Ͻ .001).
Comparison of mucosal abnormalities in the ileal carcinoid tumors cohort to the noncarcinoid neoplasms and control group are summarized in Table 1 .
The presence of APP was not significantly different between the ileal carcinoid tumor group and the non-carcinoid group (P ϭ .24). Similar nonsignificant results were found for prolapse changes between the two groups (P ϭ .33).
The frequency and statistical significance of angiogenic polypoid proliferation and trauma/prolapse changes in resected ileal carcinoid tumors is compared with that of non-carcinoid neoplasms and control group (Table 2) .
DISCUSSION
In 1993, Allibone and colleagues (2) reported two cases of ileal carcinoid-related angiomatous polyposis, which they described as granulation tissue polyposis. Several years later, Cai et al. (3) described a case of florid angiogenesis in the mucosa surrounding a resected ileal carcinoid tumor. We subsequently described an additional case (1). These angiogenic polypoid proliferations (APP) were so dramatic that they prompted some authors (2, 3) to suggest that the carcinoid tumors themselves were secreting angiogenic growth factors, particularly TGF␣ and TGF␤, that may be responsible for the APP. The frequency of APP in resected carcinoid tumors of the small bowel is not known, and furthermore, the specificity of the described changes to carcinoid tumors has not been studied. Therefore, we sought to objectively evaluate any morphological alteration associated with ileal carcinoid and other small-bowel neoplasms.
Surprisingly, a variety of small-bowel neoplasms including primary and metastatic adenocarcinoma, gastrointestinal stromal tumor, and lymphoma demonstrated similar morphological changes in the adjacent mucosa. We found that 61% of the ileal carcinoid tumors showed some degree of APP and found an even greater number (72%) of the noncarcinoid neoplasms that showed APP. The degree of APP was also similar, with 26% of the carcinoid neoplasms graded as 3ϩ or 4ϩ for APP, versus 23% of the non-carcinoid neoplasms. Furthermore, the presence of APP (P ϭ .24) or prolapse changes (P ϭ .33) was not significantly different between the ileal carcinoid tumor group and the non-carcinoid group. This indicates that the mucosal changes cannot be taken as specific to ileal carcinoids. The changes of APP are similar to those described to mucosal trauma/prolapse as in other parts of the gastrointestinal tract (4, 5) . These findings suggest that it is unlikely that a variety of tumors, of varying histogenesis, themselves all secrete the proposed growth factors. Similar histologic findings suggest consideration of a mechanical prolapse. Our previous experience (1) with various cytokines that have been postulated as the cause of APP, namely transforming growth factor alpha (TGF-␣) and transforming growth factor beta 1 and 3 (TGF-␤ 1,3), showed little expression of these cytokines in the ileal carcinoid tumors and their surrounding mucosa. These cytokines have been implicated in the proliferative changes in fibroblasts and endothelial cells in both local and distant end organs (6 -8) . These cytokines have not been associated, to our knowledge, with prolapse changes in noncarcinoid neoplasms.
The immunohistochemical expression of transforming growth factors in gastrointestinal carcinoids has been studied, and in one article, the findings indicated that TGF␣ was expressed by a high proportion of gastrointestinal carcinoids (72%); however, the absence of an intact receptor molecule on the tumor cells renders it functionally ineffective as a growth factor (7).
We suggest, based on the results of the present study, that APP is a nonspecific change and that this is further supported by the association of APP with fibromuscular changes seen in mucosal prolapse/trauma. APP was associated with mucosal prolapse/trauma in 83% of the cases of carcinoid neoplasms as opposed to in 100% of the noncarcinoid neoplasms group. The correlation between APP and mucosal trauma/prolapse changes in the noncarcinoid tumor group (Spearman's r ϭ .645; P ϭ .001) further supports these observations. The association of fibromuscular changes characteristic of mucosal prolapse/trauma suggests that this could be a common pathway for APP. The formation of a polyposis with mucosal prolapse has been described in pelvic ileal reservoirs (9) , solitary rectal ulcer syndrome (10, 11) , inflammatory cloacogenic polyps (5), prolapsing stomas and rectal prolapse (12) , polyps of Cowden disease (13) , and gastric antral vascular ectasia (14) . These findings were present in both the carcinoid cohort (69%) and the noncarcinoid cohort (77%).
Florid vascular proliferations have been associated with neural and neuroendocine neoplasms of varied locations, neuroblastoma, teratoma, primitive neuroectodermal tumor, and thyroid medullary carcinoma (15) . However the vascular proliferations of these cases were found within the fibrous stroma of the neoplasms between lobules of tumor. The APP described in our series was located in the mucosa adjacent to the carcinoid tumors. Furthermore, the vascular proliferations reported by Gaudin and Rosai (15) were described as a compact tuft of proliferating endothelial cells resembling a renal glomerulus, which differs from APP. The importance of recognizing APP resides in the possible misdiagnosis of Crohn's disease if based on radiological and clinical parameters alone (16) . Numerous reports highlight cases of terminal ileum carcinoid tumors with a presentation simulating Crohn's disease (17) . Pathologically, the polypoid mucosa, fibrosing strictures, and mucosal ulceration may suggest Crohn's, but the overt presence of an associated submucosal neoplasm as well as the histologic features eventually lead to the correct diagnosis.
The finding of APP associated with mucosal trauma/prolapse in both the carcinoid and noncarcinoid cohorts makes it unlikely that this unique mucosal alteration is solely due to the secretion of growth factors by carcinoid tumors. Clearly, the angiogenesis may be related to the secretion of growth factors; however, we believe that these factors are nonspecific and may in fact be more related to trauma and inflammation. These cytokines could be released from the surrounding inflammatory cells, such as macrophages, which are common in these tumors.
The presently described APP was invariably associated with other changes commonly described in mucosal trauma/prolapse, and because these changes seem to occur regardless of tumor type, we postulate that the APP is in fact an exaggerated form of mucosal prolapse. The presence of some minor changes characteristic of mucosal prolapse/ trauma in normal ileum suggests that some physiologic trauma may be present in the area of the ileocecal valve in normal individuals. 
